v.y-'y ^»-«.> >iV>^^-^ <I ^^^vr *m 




PATENT SPECIFICATION 

NO DRAWINGS ) 994,769 

0<ite of Application and filing Complete Specification: March 25, 1964. 
Ho. 12641164. 

^ ' Apptlartion made la United States of America (No. 269,1 8^ onMarch29. 1963.' 
Application made la United States of America (No. 35 \£0G) anMncb \l t 1964. . 
'CompteU^SpecJficatlon rubUshed: June 10. 1965. 
© Croktt Copyright 1965'. 




tufoii-: .... 




10 



! 




Index at acceptance :— C2 C(3A10B2C f 3A10B5Q) / 

; ^ COMPI^TB SPECIFICATION 

\ Purification of Tereplithjalic Acid 

Wc, Standard On. Company, a corpora- 
tion organized and existing' under the laws 
of the State; of Indiana, United States of 
America, of 910, South Michigan Avenue, 
Chicago SO, Illinois, United States of America, 
do hereby declare the invention for which we 
pray That a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement:— 
This invention relates to the purification of 
' * ■ terephthalic acid, and more particularly con- 
cerns the preparation of terephthalic acid hav- 
ing a purity sufficient for direct esterification 
—15 - with glycols to produce super polyesters. 

High molecular weight polyesters of tereph- 
thalic add with various glycols find extensive 
use as fibres, e.g. under the Trade Marks 
Dacrbn and Terylene and as fi1m ; eg. .under 
the Trade Mark Mylar. These super poly- 
esters have heretofore been prepared from 
•dimeti.yiOrephAalaic, which is trans-esterified 
with the appropriate r glycol and then polycon- 
derised to form tie super polyester. Polyester 
preparation via dimethylterephthalate has 
been considered an essential step by reason of 
the exceptionally high purity requirements im-. 
posed on the polyester. 

Recently, with the advent of improved pro- 
cesses for the manufacture of terephthalic 
aad, much attention has been directed to the* 
possibility of obtaining polyesters by direct 
esterification of terephthalic add with the 
glycol. This would have manifest advantages of 
simplicity and economy as compared with the 
dimetKyltcrcphthalatc route. As yet, however, 
there remains serious difficulty in obtaining 
terephthalic acid of suitable purity. Unless the 
initial terephthalic acid is virtually completely 
free fro:.. 'ixtranjous contaminants, the poly- 
ester will ha"vc ico low a mchin* point and 
will be of unsatisfactory colour. 

It is be!icved that terephthalic acid impuri- 
ties are of two types. First, the compound 4- 
earboxybcnzaldehyde, an intermediate formed 
IPricc 4u 6d.] 




20 



30 



35 



40 



45 



when terephthalic acid is obtained from the 
oxidation of paraxylcne or a similar dialkyl 
benzene, is known to be deleterious with re- 
spect to polyester quality. Second, unidentified 
colour bodies, possibly of the benzyl or fluorc- 50 
none structure, are usually present as trace by- 
products of most terephthalic acid production 
processes, and yield off-colour polyesters. Any 
method of purifying terephthalic add must re- 
duce or eliminate both the 4-carboxybenzalde- 55 
hyde and the colour bodies. 

It has now been found that terephthalic add 
of a purity suitable for direct esterification with 
glycols to produce films and fibres may be 
obtained from impure* terephthalic add con- 60 
taining 4-csrbcxybcnzaldehyde and other im- 
purities by catalyrically hydrogen ating the 
impure terephthalic add In an aqueous liquid "~ 
phase solution at elevated temperature and 
pressure. By this process, there is a chemical 65 
reduction of the 4-carbo^benzaldehydc as 
well as a significant destruction of the colour, 
body impurity. *^ 

The invention thi^ corv.prisrs a process for 
produdng fibrc-grs.de terephthalic acid from 70 
an impure terephthalic . "dd containing 4- 
carboxybenziiliichyde and ether impurities, 
which process comprises catalyrically bydro- 
genating. said impure terephthalic add in an 
aqueous solution at elevated temperature and 75 
pressure ' for a time suMidcnt to e*Tect sub- 
stantial, reduction of said 4-orboxybenzaldc- 
hyde, aad recovering a terephthalic acid of 
fibre-gr* de. quality con tni:i in ** substantially less 
of said 4-^arboxybcnza!deh3 de .uid other irnr 80 
purities. 

Te.-ephrhalic ac-J 
of the invention is v. r ; ;.• 
qur.Mry. Ti;e tern*. FiV 
dc-ir.re a ciut.uii.-.:* v 
rather c escribes r. :riv;*h; 

su*1;cicndy zrec fr. i.i 4-cv:> x* '•%..-.' iV\ ",;ydo 
and other impuritit* so .s" ;o ' w l : j '*u*v/ 
polyester by direct ;e.*?i:; .t : x vw'h - ;,i> c ^ 
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Thus tcrenhthalic acid polyester intended fur 
iaSarcn? film or white fibre will require 
EfiSV higher purity terephthahc acid 
tffa Syesters intended for. tire mnforai* 
£ rcntaovc approximation of maxunum 
£carboxybcnzaldchydc content of tercphthalic 
add f?r colourless film and fibre is only abo.it 
50 caris per million, while for tire cord it mt.y 
be as high as 500 parts per million or ewn 
hiehcr. 



Tercphthalic Acid 
g./lOO g. H.O 

5 •' 
10 

20 * / 

50 ■ ■ u:,^ 



Temperature, °C 
for solution 
185 

> • 225 ' 
242 

t-V- '/■■ 259 
\ 272 



60 



65 



: Pressure conditions for die process of the 
invention depend upon the manner in which the 



-•■=> - - invention ucpcuu u^u ■■■ — — 

5 hcr - , «j * » ? „, .^ra.jnn hcr--_ process is conducted. Since the temperatures 
4-Carboxybcnzaldchyde is on^casxon ,ner.^ p. ^ ^ lC rephthalic acid is dis- 
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at which the impure tcrephthalic acid is dis- 
solved in water are advantageously substan- 
tially above the boiling point of water and 
since the process of the invention is to be 
carried out in a manner to maintain a liquid 
phase of the aqueous solution, the process is 
necessarily carried out at a pressure above 
atmospheric pressure. When the process is car- 
ried out by batch treatment of individual 
batches of aqueous solutions of impure tereph- 
thaiic acid under static conditions as in a 
sealed autoclave, higher hydrogen partial pres- 
sures to provide the hydrogen driving force 
are required to dissolve the hydrogen and 
permit it tc diffuse to and reach the reducible 
dissolved impurity, than are required for 
dvn">mic conditions whereby hydrogen is m- 
purity. "lnc lercpnuiaiic uuu j d i 5pen >ed throughout the solution as 

acid oxidation of P^axylene has been repourf ™£l^* sliniti% by Educing hydrogen 
rs containing 4-CBA mfpurity T«cph*ajc £ 5 aoueous solution, by bubbling 

«:d from the isomcmauon of dipota»iiini s h ^^ ; uto ^ aqueous solution 

or bv'other dvnamic means for providing in- 



inaftcr referred to as 4— CBA. 

Impure tercphthalic acid which may i* 
trctcd by the process of the invention may 
be "obtained from any source. Excellent results 
have been shown when the tercphthalic and 
is rroduccd by the liquid phase air (molecular 
oxv S cn) oxidsiion of paraxylene using a hca«y 
tc\?1 and bromine as catalyst (Patent Speci- 
fication No. 807091), although tercphthalic 
acid from other of the catalytic liquid phase 
oxidations of p-xy!cr.c with molecular oxyg.tt 
in the presence of heavy metal oxidation 
c--ly«t such as those promoted with acet- 
ai-'-V.-de cr mcthvl ethyl ketone, for tie 
t-'cphthalic acids recovered from these oxi- 
d'ven process also contain 4 — CBA un- 
Thc tercphthalic acid from the mtnc 



70 



35 r 



;s t'.vo 



40 



45 



50 



55 



r:c: 





~r:'cd to ::bre-£*rade tercphthalic 
•rrccss o; this -nveniion. 



m __ ipotass 

^.•rhthaiatc, or the disproportionation of 
^V^ssi-m benzcate, :f carboxybenzaldehyde or 
-c-'uc : hic impurities arc present, may similarly 
~bcncY:t:cd" bv the process of this invention. 
3- J-r.^iovfTiu "the inventive process, tcreph- 
T : .-V*~" v-i'-*-? ~» t.v scurce containing as much 
"iTei^ht -perceiit- 4-ca?rb<;-xw- 
which is yellowish in colour, 

:an be c % rr. 

j invention conduced *.t 
^'* v ..»»«. r:r-.-;:i;-j:e r.d pressure with 'he 
t^rcpivhrj?c acid dissolved in an aqueous sol- 
vent. By reason of its low solubility tcrcph--. 
thalic acid requires either large volumes ot 
•vatcr cr high tcmccrature in order to obtain 
the " desired* tercphthalic acid solution. For 
reasons of economic equipment design and 
^"-occss operatic, it is therefore desirable to 
induct r .hc process within the range of about 
2C0":3 fc ah:rjt 400°C, although lower or high 
T^T-p.^atvrcs mav be used in particular cir- 
cumstances. The 'most advantageous tcrapera- 
tu-c 'an"? arrears ^o be about 225 — ~ ' 5 C, 
c a 2*-i0— 2GG : 'C. The quantity of water needed 
to*" dissolve *:hc tercphthalic acid at various 
Temperatures may be estimated from th- table 
bclO'-V ; 
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timatc contaa by hydrogen into the solution. 
These more draamic means for providmg 
i«t:niate contact between hydrogen and the 
nq«eous solution result in lower driving forces 
jicc^sarv for the hydrogen tp reac^i ^.e ^s- } 
^-ived "reducible impurities. Aiucn lower 
hvdr^en cartial pressures or hydrogen dnvin? - 
£ orccs"are'rccuired where the oqueuus soiuuon 
\ t - 'jn~:re :erer)>. thalic acid is percaiatzi 
••'z-^Th z 'zVd of hydrogenatton catalyst And 
e : ihcr d static hydrogen atmosphere or a : >-v 
concurrent or countercurrent of hyarogen 
through the catalvst chamber is maintained. 
These lower hydrogen partial pressures for the 
aforementioned percolation method of conduct- 
^no the orocess of the invention provide a tmn 
film of aqueous solution of the impure tercph- 
thalic acid on the catalyst particles and thus 
a rather low hvdrogen driving force :s rteeuca 
for th: h-dr-.n :o dissolve and d:;Iuse :.:r^ ? n 
-he thin* hcuid layer and reacn :nc cataivs.. 
For such a'pcrcolauon method of ccnduct:r:g 
the crcccss a continuous flow or atmosphere 
of hydrogen is not essential. For example, t.^e 
bencnti "of the percolation method can ^ 
obtained for a substantial period of time by 



95 



1C0 



105 



110 



115 



ic; 



15 



20 



25 



30 



35 



*9 



45 



50 



60 




994,769 



c 

>5 

:00 
.05 



percolating the aqueous solution of impure 
tcrephthalic acid over a hydrogenation catalyst 
extended on a porous support which has been 
saturated with adsorbed hydrogen. The adsorp- 
tion of hydrogen by die porous support can be 
accomplished before contacting the extended 
catalyst with the impure aqueous solution of 
tcrephthalic acid or it can be accomplished 
while contacting the extended catalyst with the 
impure aqueous solution of tercphthaJic acid. 
Thus, the process of this invention can be 
practiced by intermittent introduction of 
hydrogen into the bed of extended catalyst 
during the continuous introduction of --the" 
aqueous solution of impure tcrephthalic acid. 
The minimum of hydrogen, to be introduced 
intermittently is, of course, an amount of 
hydrogen in excess of that required for reduc- 
tion of die dissolved impurity so that adsorp- 
tion of the excess hydrogen in the porous 
catalyst support can be simultaneously 
accomplished. When utilizing the foregoing 
method of conducting the process taking 
advantage of the hydrogen . absorbed by the 
porous support of the extended catalyst, the 
actual partial pressure of hydrogen in the sys- 
tem is immeasurably low. 

Very litde hydrogen is consumed" by the 
purification process of this invention. It 
appears that in the dynamic methods, dynamic 
with respect to hydrogen, of conducting the 
process of this invention, e.g. the aforemen- 
tioned percolation method as well as the batch 
methods wherein hydrogen is mechanically, 
uniformly and intimately dispersed, through- 
put the aqueous solution of impure tcrephthalic 
acid, measurably low partial pressures of 
hydrogen, e.g.. 1 to 3 pounds per square inch 
absolute (p.s.i.a.) will permit obtaining the 
'vzf.±:i:$ or the process of the invention. 

It is .also advantageous in conducting the 
process of the invention, especially for the 
methods involving Sow contact of the aqueous 
solution with hydroaeroion catalyst, to 'impose 
on the aqueous solution being treated a pres- 
sure above the steam pressure required to 
maintain a liquid phase of the aqueous solu- 
tion of impure tcrephthalic acid. This can be 
readily accomplished by use of an inert gas 
such as nitrogen. By "inert" gas is meant 
a gas which is inert to tcrephthalic acid as 
well as to the hydrogen. Nitrogen is an 
excellent inerr gas. Also, t{ie use of nitrogen' -_ 
permits the dilution of hydrogen to be intro- 
duced into the process and thereby provides 
-ow partial pressures of hydrogen. 

In summary of the foregoing with respect 
to the use of hydrogen in the process of the 
invention, the hydrogen partial pressure can 
60 vary in the range of from as litde as the 
aforementioned immeasurable low hydrogen 
partial pressure (hydrogen adsorbed on the 
porous support of extended catalyst), to one 
atmosphere (14.7 p.s.i.a.) for a percolation 
65 system and up to as much as 100 atmospheres 
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or more for the s:.::ie hurJi mcihcd of con- 
ducting the process of this invention. It will 
be appreciated that the hydrogen driving, 
force can be so great as to produce severe 
hydrogenation causing for example the con- 
version of 4 — CBA to para-toluic acid or 
further to p-xylcnc and products between p- 
toluic and p-xylenc as well as causing nuclear 
hydrogenation of the benzene ring of tcreph- 
thalic add thereby converting some of the 
tcrephthalic acid to hoxahydrotcrcchthahc 
acid (cydohcxane i,4-Jicarboxyiic acid). Such 
^severe- hydrogenation producing side reactions 
do not negate the efficacy of the 4 — C3A 
removal from the impure tcrephthalic acid. 
However, such severe - hyJrogenaticns should 
be avoided to prevent the conversion of tcreph- 
thalic add to seme other product such as 
cyciohexane 1,4-carboxylic arid and to mini- 
mize the conversion of 4 — C3A to p-:o;uic 

acid. It appears that the reduction of 4 

CBA to methylol heroic acid in the process 
of this invention is preferred over the 'reduc- 
tion of 4 — CBA to n-toluic acid because the 
methylol benzoic acid is more readiSv retained 
in the aqueous solution ;han is p-toluie acid 
when crystallizing tcrephthalic acid from 
aqueous solution which has been treated by the 
process of the invention. There are known 
methods for removing p-toluic acid from 
tercphthah'c acid but to employ these known 
methods would require an additional process 
step. Because cyciohexane M-cicarboxvlic 
acid differs sufficiently from tcrephthalic a'cid 
ill physical properties, the removal of cvclo- 
hexane dicarbcxylic acid from tercDhthaiic arid 
can be accomplished bur here, a^.fn, addiiiw-jii 
processing steps are required/ The rrir.rio:e 
objective as hereinbefore .tcted 
tcrepruhah'c acid product of n 
purity, cherefcre, exceprior.-ily 
content, so that :hc purified 
;s suitable . for direct 
with glycols and subjection there- 
atter to polycstermeation technic ueV 
to produce tcrephthalic iric polyesters" of 
acceptable physical properties; that is, the 
objective is to produce a F;b:c-:rade tor 
thalic arid. Using too sever 
although removing the 4 — C3A ;:rou-;t : v 
would add additional diiTcrcnt imsur.nes 
which may be undesirable :V.r the aforemen- 
tioned direct reaction followed by polvesier:;;- 
cation. 

Treating time will depend .n the initial 
terepnt-ai:c acid purity ,:h- t is, the ^ncunt 
of impurity ;c be rcjuc:d\ cn the desired 
F:bre-grade specifications imposed on the puri- 
fied tcrephthalic acid a;:d on other conditions 
of the hydrogenation, such as, for exam-Ic, 
catalyst activity. Ordinarily a treating time 
(contact ume) within the range of about 0.C05 
to about 10 hours, advantageously about 0.01 
to 2 hours, will suffice for most operations. 
Although treating time is not a critic vcj^ble 
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it must be taken 'fntc> consideration with re- 
gard to the "aforementioned severe hydrogena- 
tioa and to its side effects. Prolonging the 
time of treatment especially for the static batch 
methods of conducting the process, keeping in 
mind the aforementioned effects of severe 
hydrogenatfon conditions, Increases the degree 
of throughput purification. However, on the 
more efficient hydrogenationa such as the 
dynamic batch and flo\y methods of conducting 
the process, prolonging the time of treatment 
can result in too severe hydrogenation. 

Conditions for conducting the process of the 
invention can be readily ascertained with 
respect to adequate vis-4-vis too severe hydro- 
genation by simple tests under the conditions 
selected to be employed with the particular 
method of conducting the process. For ex- 
ample, by conducting these simple bench- 
scale tests there can readily be determined 
contact time in a flow system, hydrogen par- 
tial pressure for a static batch system, and 
hydrogen driving force for the flow system, 
which enhance the formation of p-toluic acid 
and/or cyclohexane l;4-dicarboxylic acid to a 
point beyond which these side products arc re- 
tained in water under the conditions of crystal- 
lizing purified terephthalic acid from the 
aqueous solution resulting from the process. 
In general, the static batch method of conduct- 
ing the process results 1 : in little excess forma- 
tion of p-toluic acid and substantially no 
cyclohexane 1,4-dicarboxylic add, even when 
exceptionally . high hydrogenation driving 
forces, hydrogen partial pressures, are cm- 
ployed. Even the vigorous agitation of the 
slurry of cataljst and batch aqueous solution 
of impure terephthalic acid with dispersed 
hydrcgen at high hydrogen partial pressures 
t ippca- seldom tc provide the too severe hydro- 
aeroion hereinbefore discussed Hvdrogena- 
;ion- severities which convert A — CDA all the 
way to p-xyl-ne are not ' disadvantageous to 
the direct csrcrification polycondensalion be- 
cause the p-xy!cne side product is non-reactive 
in those reaction systems. 

A hydrogenation catalyst is required for the 
process so as to convert the aldehyde carbonyl 
group on the 4-carboxybcnzaIdehvdc at least 
to a mcthylcl group, e.g. p-methyloi benzoic 
ac;d, and to destroy, or otherwise render in- 
nocuous, other impurities present in the feed 
terephthalic acid. A wide variety of catalvsts 
has been found efficacious, and while carfeon- 
surportcd ncblc metals are outstanding refer- 
ence may be made to any of the standard 
texts on hydrogenation or catalysts for alterna- 
tive materials which arc cataiytieaKy effective 
under aqueous phase hydrogenation conditions. 
Numerous catalysis arc listed, fcr example, in 
Kirk and Othmer's "Encyclopedia of Chemical 
Technology" (lntcrscier.ee), particularly the 
chapters on Hvdrctrcnaiion and Catalvsts 
Emmctt's "Catalysis"', (Rcinhold), particularly 



Volumes IV and V on Hydrogenation; Lohse f s 65 
-"Catalytic Chemistry", (Chemical /Publishing 
Company), particularly the sections on Group 
VIII Metal Catalysts. Illustrative catalysts in- 
clude the Group VIII Noble Metals Ruthen- 
ium, Rhodium, Palladium, Osmium, Iridium, TO 
and Platinum, advantageously extended on a 
support such as activated carbon; the other 
Group VIII metals, Iron, cobalt, and nickel, 
in the form of their finely divided elemental 
metals or their salts such as the nitrates; Rancy 75 
nickel; platinum or palladium black; palladium 
chloride or nitrate; nickel metal on Kicsel- 
guhr. It appears that the supported noble 
metals arc particularly outstanding with respect 
to hydrogenating 4-carboxybcnzaIdchyde while 80 
the iron-cobalt-nickcl elements and compounds 
arc excellent in removing coloured impurities, 
and accordingly mixtures of a noble metal and 
iron-cobak-nickcl elements or compounds are 
exceptionally useful. 85 

The quantity of catalyst will depend, as will 
other facts, on the desired extent of purifica- 
tion and on the 'activity of the catalyst. These 
inter-relationships, however, are best deter- 
mined by simple experimentation on a labora- 90 
tory or pilot plant scale, suitably with reference 
to the examples furnished below. 

To illustrate various embodiments of the 
invention, the following examples arc pre- 
sented. These are intended for illustrative 95 
purposes only and are not to be considered 
wholly definitive or exclusive with re?rcct 
to scope and conditions. In each example/ the 
4-carboxybcnzaldehydc content was deter- 
mined by dissolving the terephthalic add in 100 
dilute alkali and buffering to a pH of 9, 
followed by polarographic analysis to determine 
"4 — CDA" content. Colour, expressed as 
"T.E.G. Colour" (triethy!e::c clvcbl colour) * * 
was determined by es:-?rifvin^ 4.6 sram< of the 105 
terephthalic acid "with 2S.4%c of triethvlcne 
glycol at 2*0 decrees C, flowed hy lorn- 
paring the resultant solution colcjr with 
American Public Health Association (APILA) 
standards. no 
Examples 

Excfept as otherwise specifically noted, all of 
the following examples arc conducted by ad- 
mixing the designated quantities of catalyst, 
tercphthahc acid, and water at rcom tern- 115 
pcrature in a pressure vessel equipped with 
means for agitating its contents. HvJrogen cas 
is introduced to the design ited pressure, the 
vessel scaled, and the centers heated to the 
specified temperature and maintained at that 120 
level for the indicated time. Thereafter, the 
vessel is permitted to cool slowly to re?rn 'tem- 
perature (where a solid catalyst is cmplovcd 
this catalyst is filtered cut at reaction tempera- 
' ture prior to ceding), end the purified tcreph- 125 
thahc acid filtered off. Tricthylene glveol 
co-cur v.r.d 4-carbo\*ybcnzaJc:ehyde content" are 
determined on the filtered product. 
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In the following illustrative Examples 12 
through 23 a percolation method of con- 
ducting the process of the invention is em- 
ployed. In this percolation method 0 <°/ bv 
weight palladium on 4—8 mesh granular 
carbon is employed as the hydrofenation 
catalyst. The catalyst is wet screened, through 
a 10 mesh screen (hole size 0.62 inch.) Of the 
wet screened catalyst 8.44 poWTarc added to 
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. ; — v.n hvjiuius arc 

a tubular titanium column having an in ternal 
lUwuu ol LuicLes. I be lefl^lh oi thcrcsult- 
ing catalyst bed is 44 inches. The catalyst is 

"ffi^n oT, a ^""' um plate screen having 
^fa£l£lo Lp.043 ScIT diameter on U.0VK1»< l n X 
centres. ArTagTOBlIS solution of impure tcreph- 
thahc aad is percolated through the column 
foI«ion of impure tereplnhalic acid 
cntenng the top of the column and the treated 
solution bang withdrawn from the bottom of 
the column. Hydrogen or hydrogen-containin- 
gas, when used, is added at the top cf the* ■ 
co.umn and, therefore, the hvdrogch -s u<cd in 
concurrent flow. The treated soltrdon flow*? 
from the^column is, of course, collected under" 
pressure ar.d thereafter cooled and depres^ 
.sunzed to crystallize therefrom dissolved 
tcrcphth.hc acid. The oynafliaS ! tcr- 
phtr.ahc aad is recovered by filtration and 
I s ™ sh . ed and dried. The purity of die Sshcd 
and dned tcrephthalic acid is determined 
EytZliT^ terc P htha "c add cmplovcd for 

nr,n „T^ \ * S0 ppra ^maic acid and 
1300 ppm p-:oIu,c acid. The TEG colour 
of th,s impure tere P h:h ? lic acid is 230 and 

of l.'os. ^ ° 031 and at 340 ™u 

The 




Exurnp'c 23 has 4000 "ppm "4— ~C3a" 

tc^4 C ^ nt ?5rCeni of ****** rolids, the 
^';' F :;;; t ,• i, ^ P T ^'-, and space velc-citv of 

t tc4^e S a S U0 ° 0f J hC Van ' Cas ^ rc 
ThS?C ■ ? as are skown in Table II 
^hecreucal amount of hydrogen to conv"t 
CjA 10 P-rathylol benzoic acid is one 



mol of hydrogen per mol of 4- — CBA. There 
is also shown , n Table II the hydrogen partial 
pressure employed and the resulting' mol ratio 
of hydrogen to 4 — CBA. 
. Z lth r « DCCt l ° the data' in Table II there 

A h°e7 1~r5 BA contcnt of ^ recove^d! 
~a,hcd, *nd dned purified tcrephthalic acid in 55 
Parts per rnilhon of 4-CBA and the TEG 
Colour and optical density of the purified 
terephthahc acid. Also showS when USSSd 

SLr?S % m pcr , n ? i,lion of bcnzoic acid > P- 

hexane ^ i F 7- mC K >: °!- bcn20, ' c acid and «yclo- 
nf^T ^ 1 ' 4 - d, , carb o^y»c acid content of the 
purified tcrephthalic acid. All of these com! 
pounds are shown in parts per million 

Examples 11 through 22 were rua execu- 
tively and, as w.ll be noted, hydrogen feed 
*as introduced «r.ly in Examples 14,°15, ard 
T , h :~ examples illustrate the aforc-r.cn- 
, .? tcrm ! ttcnt addi tion of hydrocen as 
uc.'l as trc reduction of 4-CBA by hvdrc—n 
adsoroea by the catalyst support. Exam P Ies°22 
and 23 aly 0 illustrate the use cf hydro-n 
diluted with nitrogen. ' " yi " c o- n 

Jl^^H 15 3nd 17 through 21 where 
no hydrogen feed is used the rrost v£ - 
source of hydro S cn is the hydrogen ad-rbed 
by the catalyst support during privious" pu^- 
fication Since Examples 17 tfroJT?!^ 
cessed 9S pounds of tcrephthalic add con5£ 
»g 40/0 ppm 4 — CBA through the caSyn it 
is not stretching credulity to fdsorb the tKor 
etical amount of hydrogen necessary for S- 
reductior. of 4-CBA. A! C re LmporLt fr^m 

V-d- ""n C J^'^'^ - lhcre ^ 
ftjd..gen a.soroed during the e^.rli-r treat 

ms procedure to purify ^.t least -en ->. es " 

catalyst v.^ht ._ c f teccrhthalic r.ciJ n/:cr stop 
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dicativ- of the lar^c h 



ny i ir t ^.er'.. 'lhis' J i s in- 



r^c^hydro^cnjC:;-^",,: 



ivr. 
of the 



of the excessive mass tran-:'>r r;u- 
nyaro S cn to the cu:jjvm over ->t -.• 
the 4-CBA -rcductiop:. Su£^--'- 
the rr. 2 attack by hydrogen : .r ^ -revm-, 

forrnat.ea . of cyclohexane 1,4-dicarboxyuc 



led /or 
this is 
the prcvin-js 
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i Example 24 

A percolation column o f titanium similar 
t o that hereinbef ore described _but iiaving an 
an' internal diain^rcr^oTTmiy^ne inch and 
containing 325 grams of catalyst fO.5% Pd. 
oh charcoal) Is employed* To this column there 
is fed an aqueous solution I of Impure tcreph- 
thalic acid containing 10 pounds of impure 
tercphthalic scid per [100 pounds of water 
^Thc impure tcrephthclic acid, contains : 1.0 
weight percent (10,000 ppm). The 

operating temperature U 249°C: and the total 
pressure 670 plsj.g. The hot pressurized 
solution is fed^to the top of the catalyst bed. 
Also hydrogen ^jHuted with nitrogen is fed 
into the "tdp of the 'bed as 'before. In this 
Example the hydrogen partial pressure is 10 
p.s j.2. The space velocity of the solution is 
587^5 pounds of solution^per hour per cubic 
foot of catalyst bed. The mol^ratio of hydro- 
gen to 4— CBA is 4. The contact time in the 
percolation column is 4S* seconds. By this per- 
colation method there is obtained a washed 
and dried tcrephthalic acid having a 4 — CI5A 
content of less than 10 parts per million. 

It is evident from the above that the pro- 
cess of the invention is capable of producing 
exceptionally high quality tercphthalic acid, 
capable of meeting even the most stringent re- 
quirements of fibre-grade material. ' 

While the invention has been described in 
conjunction with specific embodiments, it is 
evident that many alternatives, modifications, 
and variations will be apparent to those skilled 
in the art in light of the foregoing descrip- 
tion. For example, instead of slurrying the 
solution of tercphthalic acid with catalyst 
under hydrogen pressure in an erf:--..- ! r?r.c:-r*- 
vessel, hv-irc~cn m:*v *-0 bu-" .\.m Uijvyiiu 
r" ;j_v. J:.' slurry or solution. Alternatively, 
and of particular significance in view cf the 
almost insignificant hydrogen consumption, ,a 
fixed bed of catalyst may be provided and 
maintained under stagnant hydrogen pressure 
while the aqueous tercphthalic acid solution is 
peor.ittcd to percolate ^downward through the 
catalyst bed; this minimizes or avoids the need 
for recycling or compressing the hye'rogen gas. 

Furthermore, and as suggested by the re- 
sults of Example 9, it is advantageous to filter 
or otherwise separate the tcrephthalic acid 
from the mother liquor at a somewhat elevated 
temperature, e.g. about 50 — 150, or optimally 
about 80 — 120°C, so as . to retain a mere 
substantial quantity of coloured impurities in 
solution and to exclude them from the purified 
tcrephthalic acid crystals. 

Also, under particular circumstances, it may 
be desirable to recover the tcrephthalic acid 
by evaporating or flashing of! the water, rather 
than by cooling and separating the solid tcre- 
phthalic acid. In this event, washing the tcre- 
phthalic acid with dilute aqueous hydrochloric 
or other mineral acid to remove last traces of 
catalyst (where a catalyst other than a noble 



metal is employed) may be of advantage. 

One of the outstanding features of the pro- 
cess of the invention is that it can be conducted 
under conditions such that there is essentially 
no hydrogenation of the ben/enc ring. For 
cxumplc, in Hxamplc 1, tic product was 
anlyzcd for the presence of he^ahydrotcreph-' v 
thalic apd and ft was found that this was bcloiv j; 
the limit of detection^' i.c., ''bclo\Y;0 f 005-.^sbt tj 

\ percent - : Y^^^^^i^^ 1 v ^KBfe ^ f • 
; It is therefore app^ent th^t the piro 
the invention is ^capable of :producii)£ fibre- 
grade terephthalic acid to the higjhest purity - : ; 

' specifications. '•■}-. '-vVrV. ' 

.• WHAT V7E CLAIM IS: — V^'^^j^v vV, 
: 1. A process for producing 'fibre-grade' ^ tcr- 
ephthalic acid from' an impure tcrephthalic ' 
acid containing 4-carboxybcnzaldehyde ' and ; 
other impurities, which process comprises cata- . 
lytically hydrogenating said impure tcreph- 
thalic acid in an aqueous solution at elevated, 
temperature and pressure for a time sufficient 
to ellcct substantial reduction of said 4*car- . 
boxybcnzaIdc;iyd'% and recovering a tereph- :_. 
thalic acid of iibrc-grade quality containing 

x substantially less of said 4-carboxybenzaIdc- 
hyde and other impurities. 

2. A process according to Claim 1 wherein 
said hydrogenation is e fleeted at a temperature ' 
of from 2C0 to nOO-C. and for a time of from 
0.CQ5 to 10 hours. 

3. A process according to Claim 1 or 2 
wherein said fibre-grade terephthalic acid is re- 
covered by cooling said solution and separating 
terephthalic ccid crystals from the mother 
Hover. 

"4. A pr^cc. <■ r.co -.V-.t to C*-->.i I, 2 or 3 
Si.'u li .'Jr^er.^L.cn cuu.yst is a solid 
materia!, and is separated from said solution 
prior to recovering said tereph thalic acid. ■.. 

5. A process according to any of the preced- 
. ing CJaii-.s '"Herein, said hvdregcr.ation catalyst 

is a noble metal extended on a carbon support. , 

6. A process icce-rdiiig to Claim 5 wherein 
said noble metal is platinum. 

7. A precis recording to Claim 5 wherein 
said noble metal is pnib-diurn. * 

S. A process accord:" ng to any of Claims 1 
to 4 wherein said hydrogenation catalyst is 
nickel on kieselguhr. 

9. A process according to any of Claims 1 
to 7 wherein said aqueous solution is per- 
colated through a bed of noble metal extended 
on a carbon support. 

10. A process according to Claim 9 wherein 
hydrogen is introduced continuously with ' said 
aqueous solution. ' 

11. A process according to any of Claims 
1 to 4 wherein said hydrogenation catalyst 
comprises a noble metal and iron, cobalt or 
nickel. 

12. A process as claimed in Claim 1 sub- 
stantially as hereinbefore described and ex- 
emplified. 

13. Terephthalic acid when purified by the 
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process dainvd in any one oi the prejc^iir.g MATIIYS i SQL'iHE, 

Claims. Chartered ?uu-nt Agents, 

Staple iliiu e, 51/52, Chancery Lane, 
London, W.C.2. 
. Age wis for the Applicants.' 
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